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METHOD FOR PREPARING PITCH FLUORIDE 

The present invention relates to a method for prepar 
ing a pitch ?uoride. 

Recently, it was known that a pitch ?uoride could be 
formed by reacting pitch with a ?uorine gas at a tem 
perature of from 0° to 350° C. (Japanese Unexamined 
Patent Publication No. 275190/1987). 
The pitch ?uoride is a compound having the compo 

sitional formula CFx(0.5<x< 1.8) wherein from 1 to 3 
?uoride atoms are ?rmly bonded with each carbon _ 
atom by covalent bonding. This compound has a color 
varying depending on the ?uorinating conditions and 
the kinds of pitch, for example, brown-yellow white 
white, and is excellent in stability in air and also excel 
lent in water resistance, chemical resistance and the like. 
The chemical structure of the pitch ?uoride is similar to 
that of a graphite ?uoride, but its ?uorine content can 
be made larger than that of the graphite ?uoride and the 
reaction temperature in the preparation of the pitch 
?uoride can be made lower than that in the preparation 
of the graphite ?uoride. 
As well known, pitch which is a starting material for 

a pitch ?uoride comprises a mixture of various kinds of 
aromatic hydrocarbon derivatives, and is highly reac 
tive with a ?uorine gas. When a powdery pitch placed 
in a reactor is reacted with ?uorine gas, it is dif?cult to 
satisfactorily control the reaction heat generated locally 
and it is therefore difficult to uniformly ?uorinate pitch. 

Furthermore, when the powdery pitch is brought 
into contact with the ?uorine gas under stirring in order 
to conduct uniform ?uorination, there is a fear of caus 
ing dust explosion which arouses signi?cant problem 
for safe production. 
The present invention is to remove the above men~ 

tioned problems and to provide a method for preparing 
a solid-like or liquid like pitch ?uoride, which com 
prises reacting pitch with ?uorine in a ?uorine type 
inert medium. 
The phase of a pitch ?uoride obtained by reacting 

?uorine with pitch varies depending on the type of the 
starting pitch, reaction temperature and other condi 
tions. For example, one is a liquid pitch ?uoride that is 
a liquid at a temperature in the range of from - 10° C. 
to 50° C. and the other is a solid pitch ?uoride that is a 
solid in the above mentioned temperature range. 
The ?uorine type inert medium is a chemically and 

thermally stable compound inert to pitch, ?uorine and 
pitch ?uoride, preferable examples of which include a 
per?uoro compound and a cheap KF.nHF melt. 
Examples of the per?uoro compound include per 

?uorotrialkylamine, per?uorocyclic ether, per 
?uoropolyether, per?uoroalkane and a mixture thereof. 
Preferable examples of the per?uoro compound include 
per?uorotributylamine, per?uorotriamylamine, per 
?uoro(2-butyltetrahydrofuran), per?uoro(2-propyltet 
rahydropyran), per?uoropolyether (for example 
CF3(OCF(CF3)CF2)p(OCF2)q)OCF3; p, q=0~l0) and 
the like. 

In addition to the above mentioned per?uoro com 
pounds, when the reaction temperature is low, there can 
be used a per?uoro compound, a part of ?uorine of 
which is substituted with chlorine, such as poly 
?uoropolychloroalkanes. 

In the case of the KF.nHF melt, its melting point 
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largely varies depending on the content of HF, and in ‘ 

2 
the present invention, “n” in the chemical formula is 
from 0.5 to 2.5, preferably from 1 to 2. 

In this melt, there may be present alkali metal ?uo 
rides such as UP and NaF, alkali earth metal ?uorides 
such as CaFg, and other metal ?uorides such as AlF3 
and SbF5. 
When the reaction temperature of pitch and ?uorine 

is high, it is preferable to use an oily per?uoro com 
pound, a KF.nHF melt and the like. 
When pitch is reacted with ?uorine in the present 

invention, it is preferable to charge and disperse the 
starting pitch in the above mentioned inert medium 
under vigorous stirring at a temperature of from 0° to 
350° C. and then to introduce a ?uorine gas therein by 
bubbling. The ?uorine gas may be introduced as it is, 
but it may be introduced after diluting with an inert gas 
such as N2 gas and Ar gas. The reactor may be made of 
a material such as SUS, monel metal and nickel, but it is 
preferable to use a nickel-made reactor when the reac 
tion temperature exceeds 150° C. 
Examples of “pitch” used as a starting material in the 

present invention, include distillate products obtained 
by subjecting petroleum type or coal type heavy oils to 
distillation operation to remove a low boiling compo 
nent having a boiling point of lower than 200° C. and 
the product further subjected to heat treatment and/or 
hydrogenation treatment, such as petroleum distillate 
residues, naphtha pyrolysis residues, ethylene bottom 
oils, lique?ed coal oils and coal tars. Typical examples 
include an isotropic pitch, a meso-phase pitch, a hydro 
genated meso-phase pitch and the like, and further in 
clude meso-carbon microbeads obtained by extracting 
meso-phase spheres formed by subjecting petroleum 
type or coal type heavy oils to distillation operation to 
remove a low boiling component and further subjecting 
the distillation product to heat treatment. 
The solid pitch ?uoride may melt or may not melt, 

and the solid pitch ?uoride having a melting tempera 
ture of from 50° C. to about 250° C. becomes transpar 
ent resin-like in the melted state or the re-cooled solid 
state. The solid pitch ?uoride is obtained preferably by 
charging the starting pitch into the above mentioned 
?uorinated inert medium in an amount of from 0.1 to 50 
wt. %, preferably from 1 to 25 wt. % on the basis of the 
weight of the medium, vigorously stirring and dispers 
ing them at a predetermined reaction temperature of 
from 0 to 350“ C., preferably from 50° to 200° C., more 
preferably from 50° to 150° C. and introducing a fluo 
rine gas therein by bubbling while maintaining the 
above reaction temperature. 
The reaction to obtain the solid pitch ?uoride in ac 

cordance with the present invention may be carried out 
under normal pressure or pressurizedloondition, but it is 
preferable from the point of operation to carry out the 
reaction under normal pressure using the above men 
tioned inert medium having a boiling point of from 100° 
C. to 300° C. 
The amount of the ?uorine gas required for the reac 

tion depends on the desired degree of ?uorination of the 
solid pitch ?uoride produced, and is not limited, but the 
amount of the ?uorine gas required to ?uorinate 1 g of 
pitch is generally from 1.0 1 (about 45 mmol) to 4.0 1 
(about 180 mmol). 

After the reaction, the solid pitch ?uoride produced 
can be easily separated by ?ltering from the dispersion 
medium or distilling off the dispersion medium and 
drying the solid thus obtained. 
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One of the methods to obtain a liquid pitch ?uoride 
comprises charging a previously prepared solid pitch 
?uoride into the above mentioned ?uorine type inert 
medium in an amount of from 0.1 to 90 wt. %, prefera 
bly from 1 to 30 wt. % on the basis of the weight of the 
medium, vigorously stirring and dispersing them at a 
temperature of from 130° C. to 550° C. and introducing 
a ?uorine gas by bubbling. 
Another method comprises preparing a solid pitch 

?uoride by reacting ?uorine with pitch in a ?uorine 
type inert medium and further reacting ?uorine with 
the solid pitch ?uoride thus obtained in the ?uorine . 
type inert medium to obtain a liquid pitch ?uoride. The 
temperature of the ?rst reaction of pitch and ?uorine to 
obtain the solid pitch fluoride is from 0° to 350° C., 
preferably from 50° to 200° C., more preferably from 
50° to 150° C. The temperature of the second reaction of 
the solid pitch ?uoride and ?uorine is from 130° to 550° 
C., and is preferably from 30° to 200° C., more prefera 
bly from 50° to 150° C. higher than that of the ?rst 
reaction. 
The solid pitch ?uoride produced in the ?uorine type 

inert medium can be easily separated, but is preferably 
subjected to the succeeding ?uorination with a ?uorine 
gas without separating. 
The pitch used for the ?rst ?uorination and the solid 

pitch ?uoride are preferably dispersed or dissolved in a 
?uorine type inert medium. A per?uoro compound 
such as per?uorotributylamine is a preferable medium 
to dissolve the solid pitch ?uoride. 
The ?uorine gas may be introduced as it is, but it may 

be introduced as a mixture with other inert gases such as 
N2 gas and Ar gas. 
The reaction of the solid pitch ?uoride with ?uorine 

gas in accordance with the present invention may be 
carried out under normal pressure or pressurized condi 
tion, but it is preferable from the point of operation to 
carry out the reaction under normal pressure using the 
above mentioned ?uorine type inert liquid medium 
having a boiling point of from about 100° C. to 300° C. 
Examples of the ?uorine type inert medium include 

the above mentioned per?uoro compound, KF.nHF 
melt, and the like, but the liquid pitch ?uoride per se 
obtained in the present invention may be used as the 
?uorine type inert medium. The KF.nHF melt and an 
oily per?uoro compound are suitable for the case of the 
reaction of the solid pitch ?uoride and ?uorine gas, the 
reaction temperature of which is relatively high. 
The amount of the ?uorine gas required for the reac 

tion depends on the desired degree of ?uorination of the 
product, and is not limited. For example, the amount of 
the ?uorine gas required for ?uorinating l g of pitch to 
obtain a solid pitch ?uoride is generally from 1.0 1 
(about 45 mmol) to 4.0 1 (about 180 mmol), and after 
raising the temperature of the reaction system, the 
amount of the ?uorine gas further required to obtain a 
liquid pitch ?uoride is generally from 0.1 1 (about 4.5 
mmol) to 1.0 1 (about 45 mrnol). 
The amount of the ?uorine gas required for reacting 

with the previously prepared solid pitch ?uoride is not 
also limited, but the ?uorine gas is introduced generally 
in an amount of from 0.1 1 (about 4.5 mrnol) to 1.0 1 
(about 45 mrnol) to 2.5 g of the solid pitch ?uoride at a 
predetermined reaction temperature. 

After the reaction, the liquid pitch ?uoride produced 
can be easily separated from the dispersion medium by 
distillation or by using a separatory funnel. 
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4 
As is well known, the starting pitch used in the pres 

ent invention comprises a complex mixture of various 
kinds of aromatic hydrocarbon derivatives, and a solid 
like pitch ?uoride obtained by ?uorinating pitch has a 
basic structure wherein all ?uorine atoms are bonded at 
trans-positions with respect to cyclohexane rings of 
carbon planes, and this structure is considered to be 
bonded by means of a cross linking bonding of -—-CF;— 
and the like or this structure is considered to have a 
layered structure bonded by means of Van der Waals 
force. The solid-like pitch ?uoride is further ?uorinated 
by cutting a bond and ?uorinating at the part where a 
bond between atoms is relatively weak. As this result, 
there can be obtained a liquid-like pitch ?uoride having 
several cyclohexane rings of the carbon plane as the 
main basic structure. _ 

The liquid-like pitch ?uoride thus obtained has excel 
lent heat resistance and chemical resistance, and is a 
useful compound in various ?elds as a cleaning agent or 
a probing agent for electronic parts, a vapor phase me 
dium for soldering and an oil for high vacuum. 

EXAMPLES 

Now, the present invention will be described in fur 
ther detail with reference to Examples. However, it 
should be understood that the present invention is by no 
means restricted to such speci?c Examples. 

EXAMPLE 1 

A hydrogenated anthracene oil was added in an 
equivalent amount to coal tar, and the resultant mixture 
was subjected to heat treatment at 450° C. to prepare a 
hydrogenated mesophase pitch having a softening point 
of 307° C. The result of the elemental analysis of the 
hydrogenated mesophase pitch thus obtained was as 
follows: . 

C: 95.39%, H: 3.79%, N: 0.66%, O: 0.79% 
3 g of the hydrogenated mesophase pitch thus ob 

tained and 140 ml of per?uoropolyether having the 
formula CF3(OCF(CF3)CF2)3OCF2OCF3 were 
charged in a cylindrical stainless steel reactor having a 
content of 400 ml and an inner diameter of 55 mm. The 
reactor was equipped with a stainless steel re?ux-cool 
ing tube, a gas~introducing tube, an agitating blade and 
a thermometer, and an off-gas used for bubbling in the 
system was discharged to the outside by way of a cool 
ing tube, an NaF-packing tube and a washer containing 
KOH aqueous solution. A dry N2 gas was fully intro 
duced into the system to replace air by Ng, and 5.7 I 
(about 254 mrnol) of F2 gas diluted to 10% concentra 
tion with N2 gas was introduced under vigorous stirring 
at 100° C. for 14 hours. , 

After the reaction, the reaction product was ?ltered 
out at room temperature, and was subjected to vacuum 
drying to obtain 3.15 g of a yellow white solid. Further, 
the ?ltrate was distilled off under reduced pressure, and 
the remaining material was subjected to vacuum drying 
to obtain 3.42 g of a yellow white solid. The results of - 
l‘)Fnmr, IR and X-ray diffraction analysis and elemental 
analysis show that these solids thus obtained were a 
solid~like pitch ?uoride expressed by the compositional 
formula CF1_25. 

EXAMPLE 2 

The same procedure as in Example 1 was repeated, 
except that ?uorination reaction was carried out at a 
temperature of 70° C. using the hydrogenated meso 
phase pitch obtained in Example 1 and an equivalent 
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amount mixture solution of per?uoro(2-propyltetrahy 
dropyran) and per?uoro(2-butyltetrahydrofuran) as a 
dispersion medium for pitch, to obtain 8.04 g of a yel 
low white solid-like pitch ?uorde [3.51 g of the ?ltered 
dry product (CF1_06) and 4.53 g of a dry product from 
the ?ltrate (CF1_06)]. 

EXAMPLE 3 V 

The same procedure as in Example 1 was repeated 
using the hydrogenated mesophase pitch obtained in 
Example 1, except that ?uorination reaction was carried 
out using per?uorotributylamine as a dispersion me 
dium for pitch. After the reaction, the pitch ?uoride ‘ 
thus produced was completely dissolved in a solvent, 
and became transparent. After distilling off the solvent 
under reduced pressure, the remaining solid was sub 
jected to vacuum drying, thus obtaining 8.73 g of a 
solid-like pitch ?uoride expressed by the compositional 
formula CF1_16. 

EXAMPLE 4 

12 g of the hydrogenated meso-phase pitch obtained 
in Example 1 and 140 ml of per?uoropolyether having 
a boiling point of about 270° C. were charged in a cylin 
drical stainless steel reactor having a content of 400 ml 
and an inner diameter of 55 mm. The reactor was 
equipped with a stainless steel re?ux-cooling tube, a 
gas-introducing tube, an agitating blade, a thermometer 
and a baf?e plate, and an off-gas bubbled into the system 
was discharged to the outside by way of a cooling tube, 
an NaF-packing tube and a washer containing a KOH 
aqueous solution. A dry N2 gas is fully introduced into 
the system to replace air with N2, and 21.9 1 (about 976 
mmol) of F2 gas diluted to 15% concentration with N2 
gas was introduced under vigorous stirring at 100° C. 
for 77 hours. As this result, a mixture having a light 
yellow solid-like pitch ?uoride suspended in per 
?uoropolyether was obtained. 

Thereafter, the suspension thus obtained was heated 
to 230° C., and 4.5 1 (about 200 mmol) of F2 gas diluted 
in the above mentioned manner was further introduced 
at 230° C. for 11 hours. 

After the reaction, 8.3 g of a liquid-like pitch ?uoride 
that is a liquid at room temperature was recovered from 
a cooling trap. The results of gas chromatography, mass 
spectrometry, IR and ‘9Fnmr analysis showed that the 
liquid product thus obtained was a mixture of several 
kinds of liquid-like pitch ?uorides having a boiling point 
of from 30° C. to 130° C. and having cyclohexane rings 
in the basic structure as the main component. 
The content of the reactor was a colorless transparent 

liquid, and 16.4 g of a liquid-like pitch ?uoride was 
distilled out at a distillation temperature of from 70° C. 
to 250° C. and 3.7 g of a liquid-like pitch ?uoride was 
distilled out together with 140 ml of the per 
?uoropolyether solvent at a distillation temperature of 
from 250° C. to 280° C. 

After completely distilling off the liquid component, 
4.2 g of a transparent resin-like pitch ?uoride having a 
melting point of about 110° C. was recovered as the still 
residue. 
The product recovered as the distillate was a mixture 

of liquid-like pitch ?uorides having a cyclohexane ring 
in the basic structure as the main component. 

REFERENCE EXAMPLE 1 

15 g of the hydrogenated meso-phase pitch of Exam 
ple 1 was placed in a stainless steel reactor, and 26.9 1 
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6 
(about 1.2 mol) of F2 gas diluted to 20% concentration 
with N2 gas was introduced therein at 100° C. for 70 
hours to obtain 44 g of a powdery white yellow pitch 
?uoride. Elemental analysis showed that the solid-like 
pitch ?uoride thus obtained had an atomic ratio of 
F/C= 1.3. 

EXAMPLE 5 

30 g of the powdery pitch ?uoride obtained in Refer 
ence Example 1 and 140 ml of per?uoropolyether hav 
ing a boiling point of about 270° C. were charged in the 
same reactor as mentioned in Example 1. A dry N2 gas 
was fully introduced into the system to replace air with 
N2, and 4.5 1 (about 200 mmol) of F2 gas diluted to 15% 
concentration with N2 gas was then introduced at 230° 
C. for ll hours under vigorous stirring. After the reac 
tion, 7.8 g of a mixture of liquid-like pitch ?uorides 
having a boiling point of about 30° C. to 130° C. was 
obtained from a cooling trap. 
The content of the reactor was a colorless transparent 

liquid, and this was subjected to distillation. As this 
result, 17.0 g of a liquid-like pitch ?uoride was distilled 
out at a distillation temperature of from 70° C. to 250° 
C., and about 4.1 g of a liquid-like pitch ?uoride was 
recovered together with 140 ml of the per 
?uoropolyether solvent at a distillation temperature of 
from 250“ to 280° C. 

After completely distilling off the liquid component, 
3.4 g of a transparent resin-like pitch ?uoride having a 
melting point of about 110° C. was recovered as the still 
residue. 
The liquid-like pitch ?uoride thus obtained was a 

mixture of a liquid-like pitch ?uoride having a cyclo 
hexane ring in the basic structure as the main compo 
nent. 

EXAMPLE 6 

30 g of the powdery pitch ?uoride obtained in Refer 
ence Example 1 and 300 g of KF.l.2HF were charged 
in the same reactor as mentioned in Example 1. 
A dry N2 gas was fully introduced in the system to 

replace air with N2, and 5.01 (about 223 mmol) of F2 gas 
diluted to 15% concentration with N2 gas was then 
introduced in the melted state of KF.1.2HF at 230° C. 
for 12 hours under vigorous stirring. The cooling tube 
?xed to the reactor was replaced by a Liebig type cool 
ing tube, and the temperature was raised to 290° C. 
while bubbling N2 gas in the system to distill a liquid 
like pitch ?uoride out from the system and to recover 
28.3 g of a liquid-like pitch ?uoride in total. 
The compound thus obtained was a mixture of a 

liquid-like pitch ?uoride having a cyclohexane ring in 
the basic structure as the main component. 
As mentioned above, the method of the present in 

vention has the following advantages, and can provide 
a solid-like or liquid-like pitch ?uoride economically. 

(a) A pitch or pitch ?uoride can be uniformly and 
ef?ciently dispersed and stirred. . 

(b) The reaction temperature can be easily controlled. 
(0) The reaction can proceed at a uniform tempera 

ture. 
(d) A product of stable quality can be obtained. 
(e) There is no fear of dust explosion. 
What is claimed is: 
1. A method for preparing a pitch ?uoride which 

consists essentially of reacting pitch with ?uorine at a 
temperature of from 0° to 350° C. in a ?uorine type inert 
medium, which ?uorine inert medium is liquid during 
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reaction, by dispersing pitch in the ?uorine type inert 
medium and then introducing ?uorine therein. 

2. The method according to claim 1, wherein the 
?uorine type inert medium is a KF.nHF melt. 

3. The method according to claim 1, wherein the 
?uorine type inert medium is a per?uoro compound. 

4. The method according to claim 3, wherein the 
per?uoro compound is at least one member selected 
from the group consisting of per?uorotrialkylamine, 
per?uorocyclic ether and per?uoropolyether. 

5. A method for preparing a liquid-like pitch ?uoride, 
which consists essentially of reacting a solid-like pitch 
?uoride with ?uorine at a temperature of from 130" to ' 
550° C. in a ?uorine type inert medium, which medium 
is liquid during reaction, by dispersing or dissolving the 
solid-like pitch ?uoride in the ?uorine type inert me 
dium and then introducing ?uorine therein. 

6. The method according to claim 5, wherein the 
?uorine type inert medium is a KF.nHF melt. 

7. The method according to claim 5, wherein the 
?uorine type inert medium is a per?uoro compound. 

8. The method according to claim 5, wherein the 
per?uoro compound is at least one member selected 
from the group consisting of per?uorotrialkylamine, 
per?uorocyclic ether and per?uoropolyether. ' 

9. A method for preparing a liquid-like pitch ?uoride, 
which consists essentially of preparing a solid-like pitch 
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8 
?uoride by reaction of pitch with ?uorine at a tempera 
ture of from 0° to 350° C. in a ?uorine type inert me 
dium and then reacting the resultant solid~like pitch 
?uoride with ?uorine in a ?uorine type inert medium, 
wherein said ?uorine type inert medium is liquid during 
reaction, by dispersing the pitch or solid-like pitch ?uo 
ride in the inert medium and then introducing ?uorine 
therein. 

10. The method according to claim 9, wherein the 
temperature of the reaction of the solid-like pitch ?uo 
ride with ?uorine is higher than the temperature of the 
reaction of the pitch with ?uorine, and is from 130° to 
550° C. 

11. The method according to claim 10, wherein the 
temperature of the reaction of the solid-like pitch ?uo 
ride with ?uorine is from 30° to 200° C. higher than the 
temperature of reaction of the pitch with ?uorine. 

12. The method according to claim 9, wherein the 
?uorine type inert medium is a KF.nHF melt. 

13. The method according to claim 9, wherein the 
?uorine type inert medium is a per?uoro compound. 

14. The method according to claim 9, wherein the 
per?uoro compound is at least one member selected 
from the group consisting of per?uorotrialkylamine, 
per?uorocyclic ether and per?uoropolyether. 
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